Introduction
Besides careful patient selection and refined surgical techniques including free fat transplants in lumbar discectomy [1, 2, 13, 16, 17, 30, 34, 36] , administration of steroids and/or injection of long-lasting local anesthetics have been additive treatment modalities for a long time [8, 9, 10, 18, 20, 22, 23, 25, 35] . Epidural and periradicular infiltration of steroids without surgery has also been a treatment modality [6, 15] . The rationale has been to reduce postoperative pain and minimize the early inflammatory reaction and late scar tissue formation, which might be causative factors in cases with persistent pain and functional disability. Several reports give biochemical evidence of inflammation at the site of lumbar disc herniations [11, 21, 27, 29, 31] and cytokines and growth factors may play a role in sciatic pain [3, 4, 28, 33] . The idea of steroid treatment is supported by Olmarker et al. [26, 27] , who reported a morphological and neurophysiological study on pigs with nucleus pulposus applied on nerve roots, which caused a significant reduction of nerve conduction velocAbstract Eighty adult patients with lumbar disc herniation verified by magnetic resonance imaging (MRI) and clinical findings corresponding to the radiological level underwent microscopic disc removal to evaluate the outcome of perioperatively given corticosteroids in a prospective randomized double-blind study. In the treatment group the patient received 250 mg Solu-Medrol intravenously and 160 mg Depo-Medrol intramuscularly. Before closure of the wound, a free fat transplant soaked in 80 mg Depo-Medrol was placed on the dural sac. In the control group the same procedure was performed, but sodium chloride was given instead of Depo-Medrol. All patients underwent a clinical examination before surgery and at 2, 6, 12, 26, 52 and 104 weeks postoperatively, rating their pain with the visual analog scale (VAS) and function with the Disability Rating Index (DRI). The postoperative hospital stay was significantly shorter (P=0.01) in the treatment group (1.7 days) compared to the control group (2.3 days). Time taken to return to full-time work was also significantly shorter in the treatment group (P=0.003). VAS-W (Worst Pain during last week) was significantly lower in the treatment group (P=0.02). Postoperative spondylitis occurred in one patient in the control group and no adverse corticosteroids effect was seen. Our study shows that perioperatively given corticosteroids improve the outcome of microscopic disc surgery in terms of length of hospital stay and time taken to return to full-time work. The results also indicate that corticosteroid treatment reduces pain and improves functional outcome. ity that was prevented by early administration of steroids [26] .
The result of peri-and/or postoperative steroid treatment as regards need for narcotic analgesics postoperatively and length of hospital stay have been favorable [10, 35] , but the results of a few long-term studies have been discouraging [20, 25] . However, comparisons between earlier investigations are hampered by differences in diagnostic criteria of disc herniations, operative technique, and postoperative care. Furthermore, the administration of steroids varies, and the number of patients in each study is in most cases low [8, 9, 18, 23].
Our purpose was to examine whether corticosteroids administered perioperatively in patients undergoing microsurgical discectomy improves the outcome in terms of pain relief, function, hospital stay and sick-leave over a minimum 2-year follow-up.
Patients and methods
From October 1994 through November 1998, 85 patients with sciatica were invited to participate in a prospective randomized double-blind study at Örebro University Hospital. Approval was given by the Regional Ethics Committee of Örebro County Council. Inclusion criteria were: L3-4, L4-5 and L5-S1 lumbar disc herniation verified by magnetic resonance imaging (MRI), no previous surgery at the affected level, duration of sciatica of less than 1 year, clinical presentation of sciatica consistent with MRI findings and age between 18 and 65 years. All patients underwent a thorough clinical examination the day before surgery and again postoperatively after 2 weeks, 6 weeks, 3 months, 6 months, 12 months and 2 years.
The intensity of pain was assessed on a visual-analog scale ranging from 0 (no pain) to 100 (worst pain possible) documenting pain just now (VAS-N) and worst pain during the last week (VAS-W) [12, 24] .
Impairment was assessed with the Disability Rating Index (DRI), which consists of 12 items concerning physical function in a self-administered form [24, 32] . Working status was either fulltime work or sick-listed, completely or partially. Length of postoperative hospital stay in days was recorded. The degree of anxiety and/or depression was assessed with the Hospital Anxiety and Depression scale (HAD) [37] .
The microsurgical discectomy was preceded by injection of 20 ml 0.5% bupivacaine (Marcaine) with 0.5% adrenaline into the subcutaneous tissue and paraspinal muscles of the incision site. Patients in the treatment group received 160 mg intramuscular methylprednisolone acetate (Depo-Medrol) and 250 mg intravenous methylprednisolone sodium succinate (Solu-Medrol). Following discectomy a free fat graft soaked in 80 mg methylprednisolone acetate (Depo-Medrol) was placed over the affected nerve root. The same procedure was performed in the patients of the control group, but methylprednisolone was substituted for saline solution similar to Glasser et al. [10] . To minimize infection, all patients received 1.5 g of cloxacillinatrium (Ekvacillin) intravenously three times on the day of surgery.
We used an operation microscope and all the examinations were performed by the same surgeon (A.L.), and blinding of the observer and the patients was maintained during the 2-year followup.
Statistical analysis
We expressed the outcomes VAS-N, VAS-W and DRI measured from 2 up to 104 weeks after surgery as change from baseline, and analyzed them by ANOVA for repeated measurement with group as main effect. The outcome "postoperative hospital stay" was measured in days from surgery and analyzed with the rank-based Mann-Whitney U-test. The outcome regarding time taken to return to full-time work was measured at discrete times. We used the lifetable method and log rank test for this outcome measurement, because the calculations excluded patients who did not return to fulltime work during the study period. In cases of missing data, calculations were made on the assumption that the lost data were missing at random.
Results
Eighty-five patients were initially included in the study, but five patients were excluded before randomization owing to suspicion of perioperative dural rifts. Hence the study finally comprised 38 patients receiving active treatment and 42 patients in the control group. The patient characteristics are shown in Table 1 . There was no postoperative wound infection among patients receiving steroids, but one patient in the control group developed spondylitis 6 months postoperatively.
The mean postoperative hospital stay ( Fig. 1 ) was 1.7 days for patients in the treatment group compared to 2.3 days for patients in the control group, which is statistically significant (P=0.01). Concerning the time taken to return to full-time work, we studied 73 patients out of 80; seven patients were excluded either because they were sick-listed for diagnoses other than the herniated disc, or they were students or were on a disability pension or because data were missing on their preoperative work status. In the study group, 36 out of 37 patients went back to full-time work compared to 30 out of 36 in the control group. Time taken to return to full-time work (Fig. 2) was significantly shorter in the study group (P=0.003). Pain just now (VAS-N) (Fig. 3) , measured by the visual analog scale, was lower in the study group at all examinations, but this difference was not statistically significant (P= 0.13). Worst pain during the last week (VAS-W) (Fig. 4) was statistically lower in the treatment group compared to the control group (P=0.02).
The Disability Rating Index (DRI) (Fig. 5) was equal in the two groups during the postoperative examinations at 2 weeks and 6 weeks. However, at all later examinations it was lower in the study group, but the difference was not statistically significant (P=0.08).
Postoperative anxiety and depression scores were dichotomized to either no anxiety/depression ≤7 or borderline/case ≥8 [37] . In the study group there were 9 out of 38 patients (24%) who had one or more borderline/case anxiety scores during follow-up and 10 out of 42 patients (24%) in the control group. The results for borderline/case depression was six patients (16%) in the study group and seven patients (17%) in the control group. However, the first postoperative assessment was not performed until 2 weeks after surgery, because an early euphoria associated with steroid treatment may have been present during this initial postoperative period.
Discussion
Our main findings were that the patients in the steroidtreated group had a significantly shorter hospital stay and that they returned to work earlier than the patients in the control group. Furthermore, pain measured as the worst pain during the last week (VAS-W) was significantly lower in the treatment group.
These findings are in accordance with the report by Watters et al. [35] , who studied the short-term effects of dexamethasone administered four times intravenously during the 1st postoperative day followed by four daily oral doses on a tapering schedule for another 2 days. The results also concur with those of Glasser et al. [10] , who used perioperative parenteral corticosteroids and bupivacaine in microdiscectomy, thus reducing postoperative discomfort and length of hospital stay. However, Naylor et al. [25] found no significant effect of oral dexamethasone on a tapered scheme for 6 days postoperatively, nor did Manniche et al. [20] who, in a randomized study, administered prednisolone treatment for 4 weeks starting the day before surgery. There also seems to be a favorable lasting effect of a perioperative administration of longterm acting steroids without a need for postoperative oral medication, as patients given steroids returned to full-time work earlier than patients without active treatment.
As we administered steroids intravenously, intramuscularly and locally, the increased amount of steroids may have been beneficial both in inhibiting the biochemical irritation caused by nucleus pulposus and in decreasing the postoperative scar formation. With the aim of reducing postoperative epidural scar formation and protecting the spinal nerve, we also applied a fat transplant epidurally before closure of the wound [2, 13, 14, 16, 17]. Owing to our study design, we were not able to evaluate the quantity of locally delivered corticosteroid and we are unable assess whether the steroid-soaked fat transplant increased the main effect of the parenteral steroids or had any effect on scar formation.
The benefits of locally applied epidural methylprednisolone in lumbar discectomy are equivocal. Davis and Emmons [8] , in a matched controlled discectomy study, showed that intraoperatively applied epidural methylprednisolone acetate (80 mg) led to a reduced need for pain and spasm medication and shorter hospital stay, but Lavyne and Bilski [18] , who applied low-dose steroids locally, failed to improve the postoperative morbidity.
We did not observe any side effects of the steroid treatment, but a slight euphoria that might have promoted postoperative mobilization can of course not be excluded. There were, however, no differences between the steroid group and the control group in anxiety or depression scores. Other side effects like glucose intolerance and hypertension associated with short-term corticosteroid use are generally mild and completely reversible upon discontinuation. Avascular necrosis is a rare but severe and dose-dependent side effect seen in long-term corticosteroid use. As our patients received the steroid treatment on a single occasion, the risk of such side effects was very low [5] .
The use of perioperative epidural steroid administration may predispose to infection [19] . We had no infection in the steroid group, but one case of spondylitis 6 months postoperatively in the control group. There were no diabetic patients in the study, and the amount of steroid carried by means of the soaked fat transplant is probably lower than what is obtained by instillation of epidural injections. Our use of prophylactic cloxacillinatrium probably also minimized the risk of perioperative infection.
There was a significant difference in favor of the steroid treated group as regards visual analogue pain scores for the previous week (VAS-W) during the 1-year follow-up, but not as regards pain scores just now (VAS-N). This finding probably explains the earlier return to work after discectomy of patients in the steroid group. VAS-W also represents the overall worst pain experienced during past week, which may be a more representative measurement than VAS-N. The diminished psychological impact of the microdiscectomy in the steroid-treated group was associated with less pain, and was beneficial both to shortening the hospital stay and to getting the patients back to work earlier than in the control group. The DRI showed a tendency in favor of the study group, but the difference was not statistically significant. However, the DRI estimates perceived disability, which may not be directly correlated with other outcome measures like length of hospital stay and time to return to full-time work.
In a study of nerve function in an experimental pig model, Olmarker et al. [26] found that high-dose methylprednisolone administered within 24 h dramatically improved nerve conduction velocity that had been significantly lowered by the application of nucleus pulposus on the cauda equina. They also observed that the scar tissue formation appeared less pronounced than in nontreated pigs. Cornefjord et al. [7] showed that diclofenac, a potent anti-inflammatory drug, reduced the nucleus pulposus-induced nerve root dysfunction.
We conclude that systemic perioperative treatment with corticosteroids at lumbar discectomy reduces pain, and shortens length of hospital stay and the time taken to return to work. Until more effective and potentially less harmful pharmacological agents are developed, systemic corticosteroids appear to be of benefit in disc surgery. 
